Because the nucleon may be excited and transformed into a virtual ∆ resonance easily, we consider the decuplet contribution to the parity-violating (PV) nucleon-nucleon interaction in the chiral effective field theory. The effective PV nucleon-nucleon potential is derived without introducing any unknown coupling constants.
after replacing one strong vertex by the weak one in the meson exchange model.
Historically, the study of nuclear parity-violation with the meson-exchange model started in 1964 [13] . Later, nuclear parity-violation was extensively studied in this framework [14, 15, 16] . In 1980, Desplanques, Donoghue, and Holstein (DDH) investigated the PV nuclear force in a general way and considered the exchanged mesons up to ρ and ω [17] . The DDH method has become a standard way in analyzing experiments since then. In that paper, the PV vertices were parameterized with seven coupling constants: h ρ was found to be small and usually neglected [18] . DDH estimated these coupling constants using the quark model and SU (6) w symmetry. They gave reasonable ranges for the couplings and presented their best guesses. Surprisingly, various experimental constraints are more or less consistent with these DDH estimates, except that the bound on h 1 π from nuclear anapole moment in Cesium [19] does not agree well with those from other experiments [20] .
In the past decades, there has been important progress in the study of parity violation both in the single-nucleon case [21, 22, 23, 24, 25] and N N system [26, 27, 28, 29, 30] . In order to investigate nuclear parity violation in a model-independent way, Zhu, Maekawa, Holstein, Ramsey-Musolf and van Kolck reformulated the PV nucleon-nucleon interaction in the framework of effective field theory (EFT) [31] . At very low energy, the momenta of external fields are very small and the pion can be integrated out. EFT without explicit pions is appropriate. When the external momenta are comparable with the pion mass, EFT with explicit pions is necessary.
For the description of PV NN forces in EFT with explicit pions, the treatment is similar to the study of parity-conserving (PC) NN force in EFT [32, 33] . One simply replaces one PC vertex with one PV vertex and imposes chiral symmetry on the PV vertex. In Ref. [31] , the PV potential was calculated to O(Q) in Weinberg's power counting where Q is the typical scale of the processes. The leading order (O(Q −1 )) result reproduced the pion exchange part of DDH formalism. At the next leading order (O(Q 0 )), explicit computation shows there is in fact no contribution. At the third order, the short range potential was described with contact interactions. The medium range potential was deduced from two-pion exchange interactions while the long range potential was obtained by considering corrections to the one-pion exchange interaction. In this framework, Ref. [34] studied a minimal set of parameters to describe low-energy PV observables. In Ref. [35] , the authors studied PV asymmetry in np → dγ within EFT.
The decuplet baryon ∆ couples to N π strongly. The virtual ∆ may aslo contribute to the PV nucleon-nucleon interactions, which was noted long time ago in Refs. [36, 37, 38] . The DDH formalism was extended to investigate the effects due to ∆ [39] . With development of the modern EFT language, we will extend the former work [31] and calculate the PV potential by considering ∆ as an explicit degree of freedom in EFT in the present work. The present work was part of Y. R. Liu's thesis submitted in April, 2007. It is interesting to note that an independent work dealing with similar topics appeared recently [40] . However the way to derive the potential in this work is different from that in Ref. [40] . In a recent work [41] , the calculation of the longitudinal asymmetry in pp → pp by including 2π exchange effects which include N N and N ∆ intermediate states is presented.
In order to include the ∆ degree of freedom systematically, we employ the heavy baryon chiral perturbation theory with ∆. The expansion scheme was called the small scale expansion (SSE) [42] , which was widely used to study the processes involving ∆ [43, 44, 45, 46, 47, 48, 49, 50, 51] . Both the pion mass and the mass difference between nucleon and ∆ isobar are counted as the order O(Q). We use this formalism to calculate the ∆ contribution to the PV NN potential. In the following section, we present the relevant Lagrangian. In Section III, we calculate PV potentials due to the virtual ∆ baryon. The final section is a short summary.
II. LAGRANGIANS
In the EFT study of the nucleon-nucleon potential, one performs a systematic expansion of Lagrangians and amplitudes [32, 33] . We present relevant Lagrangians L (ν) in this section. They are grouped with chiral index ν = d + f /2 − 2 where d is the number of derivatives and powers of the pion mass and f the number of fermion fields. When we consider the ∆ contribution to the parity-violating potential up to the third order O(Q), we need only the lowest order chiral Lagrangians.
For the πN N interaction, the PC part is
where
Here V µ and A µ are the chiral connection and the axial field respectively. v µ is the velocity and S µ is the PauliLubanski spin vector. F π = 92.4 MeV is the pion decay constant and τ a is the Pauli matrix. Here g A ≃ 1.27 is the nucleon axial vector coupling constant.
The PV part is
and h 1 π ∼ 10 −7 is the weak coupling constant. The ellipsis denotes terms involving more pions.
For the part containing ∆, the leading Lagrangian reads [42] 
Tr(A µ τ a ) and T µ represents ∆ fields with
In this Lagrangian, we have used C = √ 2g πN ∆ with the language in Ref. [52, 53] . The quark model gives the relation g πN ∆ = 3 √ 2 5 g A . Since the PV πN ∆ part contributes to the PV potential beyond the order of O(Q) [22] , we do not consider it here.
III. ∆ CONTRIBUTION TO PV NN POTENTIAL
Because the PV contribution is tiny, one PV vertex is enough for the present study. The intermediate ∆ contribution to parity-violating potential is presented in Fig.  1 . We employ the counting scheme of SSE and truncate the expansion at the order O(Q). To this order, the triangle diagrams do not contribute. In the case without the ∆ contribution, the box diagrams are two-particle reducible. Now the diagrams are all two-particle irreducible (2PI). That is, the diagrams in Fig. 1 will not induce double counting problem. In the following, we calculate the effective potentials in detail.
First, we consider the cross diagrams (a)-(d) in Fig.  1 . From the vertices, one can construct four cases of transitions which include charge-conserving cases pp → pp, nn → nn and pn → pn (np → np) and chargechanging case pn → np (np → pn).
For pp → pp, the sum of (a) and (b) gives
with
In calculating the loop integrals, we have used the dimensional regularization. The divergent part could be absorbed by the renormalization of the counter-terms at the same chiral order. Here we only retain the non-analytic terms.
For nn → nn channel, the sum of (a) and (b) is
This result is similar to the pp → pp channel. Similarly, one gets contributions from the mirror diagrams (c) and (d). Since the initial particles are identical, the operator form for these two channels will generate (a), (b) and the mirror diagrams (c), (d) simultaneously.
Compared with the case without the ∆ contribution [31] , there is an additional channel pn → pn. The sum of (a)-(d) in the operator form reads
Here k is the initial momentum minus the final momentum for a nucleon line. After combining the above three channels, we get
For the charge-changing case pn → np, the sum of diagrams (a)-(d) gives
Next, we consider the box diagrams (e)-(h) in Fig. 1 . There are also four cases: charge-conserving processes np → np (pn → pn), pp → pp and nn → nn and chargechanging process np → pn (pn → np).
For the channel np → np, the sum of the diagrams (e)-(h) gives
In calculating the amplitudes, we use the following formula
In the case without the ∆ contribution, the part from the δ function was subtracted to separate the contributions from the iterated one-pion exchange and those from the irreducible two-pion exchange. Now this part is included because the diagram is 2PI. The diagrams (e) and (f) result in
for the channel pp → pp and
for nn → nn.
After combining these results, we get the chargeconserving amplitude from box diagrams
For the charge-changing case np → pn, one sums the amplitudes from (e)-(h) and gets
After combing Eqs. (11), (12), (20) and (21), we finally get the ∆ contribution to nuclear parity violation
Acordingly, one gets the PV potential
wherẽ 
IV. DISCUSSIONS
In short summary, we have calculated the ∆ contribution to the parity-violating nucleon-nucleon potential. The ∆ resonance couples to the nucleon and pion strongly. A nucleon may be excited and transformed into a virtual ∆ quite easily. The ∆ will certainly contribute to the hadronic parity violation in nuclear processes. In this work, we employ the small scale expansion formalism and extend the former investigation of PV NN interaction in EFT in Ref. [31] through the inclusion of the ∆ contribution. To the next-next-leading order, the new potential contains no more unknown PV coupling constants. The only new parameter is the strong coupling constant g πN ∆ , which is known from the decay width of the ∆ baryon.
The structure of the obtained potential is similar to the medium-range potential derived in Ref. [6, 31] . For comparison, we plot the momentum dependence of coefficientsC 2 (Q) are comparable in magnitude but they have opposite signs! Therefore it is highly desirable to include the new parity violating nucleon-nucleon arising from the ∆ correction in the future theoretical calculation of PV observables in the hadronic weak interaction processes.
